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The 19 underground iron-ore mines discussed in this paper, situated in 
the Menominee, Marquotte, Gogebic,-Cuyuna, Mesabi, and Vermilion iron. ranges 
of Michigan, Wisconsin, and Minnesota, shippéd about 9,000,000 tons of iron 
ore in 1945, which constituted 56 percant of tho underground iron ore taken 


‘ . : t 


from the Lake Superior district. *:.” 
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The purpose of this circular is to discuss briefly the types of equip- 
ment used and to disseminate information as to seme of the modern practices 
in the transportation of iron ore in use at the underground mines of the 
district. 
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MOVING ORE FROM THE WORKING PLACE 


The old-time laborious method of hand-loading broken ore into wheel- 
barrows, "buggies", and trem care at the working place and hand- 
the ore away from the place was discontinued in the Lake Superior district 
iron-ore mines many years ago. At present, nearly all ore is moved from 
the working face by scrapers; frequently, however, either compressed air- 
operated or electrically operated mechanical loaders are employed to load 
broken ore or rock in development headings. In one mine, where the ore is 
mined by sublevel stoping, shaker conveyors have been installed to move the 
broken ore from the bottam of stope mills to ore raises, In another mine, 
where the ore is mined by slicing, the ore is scraped fram the working faces 
to a mining crosscut, from which place the ore is transported by shaker con- 
veyors to a main-hanlage conveyor belt. (Sce table 1 for a summary of data 
on moving ore fram the working face.) | 


Experiments with underground mochanical loading devices began about 
1900. Serious attention was not given to this problem until World War I had 
created a shortage of labor; shovel loaders and scraper loaders were intro~ 
duced at that time. The small underground power shovel first seemed to be 
the best means for reducing mcking costs, and during World War I many kinds 
of shovel loaders were developed. Rapid progress was made, meanwhile, in 
the development and use of scraper loaders, and many operators found them 
more practicable than any other available method. By 1924, shovel loaders 
were passing out of favor, and screpers became the predominant mucking mech- 
anism at most iron mines A/ 


ry, Eaton, Lucien, Technology, Employment, and Output Per Man in Iron Min- 


ing: Works Progress Administration National Research Project and 
Bureau of Mines Roport E-135, June 1940, pp. 141-159. 
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TABLE: 1.. - Moving ore from the working place 


Manganese steel 


Crucible steel 
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Rope diameter, Chute gates, 
inches type - 


3/8 ~afe:* Ne i 15-and 25 |440 a.c.|Hand-operated arc. 
1/2’ 5/8 | 5s [15 | -axe.| None. 


3/8 : 1/2, : Lo 115, 35, .c.| Board stoppers. 
(mee Y, an nF ms 


.| Hand-operated arc. 
-| Board stoppers. 


-| None, load directly 
into cars. 


.|Load directly into 
cars. 


-|None, load directly 
into cars. 


.c.| Board stoppers. 


Hand-operated arc. 


-|Hand-operated arc. 


.|Hand-operated arc, - 


-|None, load directly 
into cars. 


Hand-operated arc. 
.|Hand-operated arc. 


-|Board stoppers. 


. | None. 
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-|Some hand-operated arc. 
Mostly scrape directly 
into cars. 


.-|Board stoppers. 
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Figure |. - Arrowhead scraper designed and built in shops. 


Figure 2. - Transfer drift under sublevel stope, using 60-inch scraper; 
floodlight at upper left. 


Figure 3. - Rotary dump-type, 34-ton car with cowbell attached to rear. 
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. Scraping 


In the first application of scraper mucking or slushing in umeeecuek 
mines (about 1898), the slip scraper, largely of the type in use on farms or 
in road work, was pulled fram the face by a single-drum compressed air-oper- 
ated hoist and pulled back to the face by manpower .3/ The greatest growth 
in the use of power scrapers in iron-ore mining took place from 1920 to 
1929, many mines changing from hand shoveling to power scraping in the 3- 
year period 1920 to 1923. Until about 1924, all scraper hoists used under- 
ground in the Lake Superior Region wore compressed air-operated, With a 
demand for increased r — speeds and larger si sale electric scraper 
hoists were aéveloped.6/ 


The modern scraper installation is a , transportation unit as well as a 
loading unit. The scraper is used (1) to load the ore from development 
headings into underground tram cars; (2) to move ore from working places to 
ore raises in slicing, sublevel caving, sublevel stoping, and open-stoping 
mining methods; (3) for loading ore directly into tram cars fran slushing 
or scraper-loading drifts, which have replaced: chutes for tram-car loading 
in many iron-ore mines; and (4) tp move ore fran. the auxiliary storage 
trenches to the skips at shart stations, — | 


_ S¢ rape rs 

 Serapers used in the Lake Superior district iron-ore mines are cither 
of steel-plate construction made in the mine shops ox of cast-steel con- 
struction purchased fran mining equipment-manufacturing campanies. The de- 
Sign and size of the scraper depends on the type of ore to be moved. 
Screpers are usually made in (1) the hoe type, (2) sami-hoe or partial-box 
type, (3) the box type, and (4) modifications of these types. The hoe-type 
scraper is generally used for chunky material and tends to lose part of its 
load when moving fine material. eee scraper is best suited for 
moving fine material. ~ | a | 


Some companies use an ‘eurownesd- type poraper that is a modification of 
either the hoe-type or semi-hoe-type scraper. The drrowhead-type scraper 
has two cutting edges, either one of which can bo used by turning the scrapor 
upside-down. Both cutting edgos may be tho blade type, or one cutting edge 
may have teeth for hendling chunky material. (Seo fig. 1.) 


_ Scrapers used rangé “in width fron 30 to 60 inéhes, , tho 60-inch scraper 
being used on special jobs, Such ds in trensfer drifts (seé fig. 2) or in 
auxiliary storage trenches at ‘shaft atations. ‘The: hou and. 48-inch scrapors 
are used ndost commonly. ee : 


Most mines use scraper blades or Lips of manganese steel; however, 
high-carbon stecl, nolychrane stcoel, and molychrane-nickel steel also are used. 


Ingersoli-Rund Co., Now York City, aga Methods for oe Mnoking 
and Loading: Form No. 2412, 1939, p. 3. | 
6/ Work cited in footnote 4. 
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Wire ropes used to pull the scrapers renge in diameter from 3/8 to 3/% 
inch, and the diameter of the return ropes ranges fran 1/4 to 5/8 inch. 
The most common sizes used are 5/8-inch pull cable end 1/2-inch return 
cable. “The maxim” rie ore is scraped ranges. trom 2. to. > 50. feet, 170 
feet “being the average., ~ | 7 re oo iB 

- Gédoreaty 3 aoab1é-arun scraper ‘hoiete ‘driven by. pe. or 25-horae- 
power, 4h0-volt, alternating-current motors are aed... A ta 30~, 35-, 40-, 
or 50“horsepower hoists are used on transfer subs with the larger scrapers, 
and afew hoists are driven by 250- or 275volt dir¥otrourrent motors. At 
one mine a 30-horsepower, electric, scraper hoist is operated by push-buttm 
remote control and has a.jimit-contral mechanism, sjmilar to that on a Lilly 
hoist control, which autamatically controls the ‘distence traveled by the 
scraper. | Ee 


Shaker Conveyors and Belt il. | | 
In one wind” producing about 300 ,000 tons of iron ore ‘annually by sub- 
level stoping, it was found that scraping ‘thé broken ‘ore for 150 or 200 fest 
was not efficient because of the tine lost in pulling back the empty scraper. 
A shaker-convoyor unit was installed in ono of the scraper subdrifts as an 
experimont. The broken ore fram the stopo runs through mills to the grizzly 
sublovel, where .the large chunks are broken; from the grizzly sublevel the 


ore runs througi raises to self-feeding chutes, and .then to.tho shaker con- 
veyor, which carrics the ore to the ore raise and. loading chute... 


As ‘the movement of ore ona ‘shaker conveyor is Alnost continuous ). the 
distance from thd stope to the ore raise and loading chute does not limit 
the amount of ore that can be handled by a shakor conveyor up to the limit 
of its capacity , 88 it does in scraper operations. . One shaker-conveyor unit 
can be’ used on distarices up to 250 or 300 feet. Additional units.can be in- 
stalled in series for longer distencos. To increase the life of the shaker- 
conveyor unit, 3/16-inch liner plates are spoteyel aed, ate. * the Pens before 
the unit is installod. = . as —- 

* Tho cost: per ton of fie ore at ‘this ie with a sheker conveyor ‘ 
has been about’ 37 percent loss than. handling with Scrapers. At least three 
shaker-convoyor units’ have beén ised successfully. The management plans to 
pace scrapers with shaker ggnveyors in all. stoping places, and also plans 

to shake the ore directly onta 4. belt-conveyor system for transportation to., 
the shaft potket, roplacing | rail haulage » © .the next speretine > level, shore: 
by decreasing the accident hazard due to rail haulage, Te 


ei 


“fattening, Re Des Shaker Conveyors Used in Sublevel oa in an ‘cd 
oe i Mine; Am. Inst. “ iis es Eng., Min. ete aid fas 
PP. a 
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At another mine with a flat.bed of iron ore, the broken ore is moved 
fran the working places to the shaft station by scrapors, shaker conveyors r 
and belt conveyors exclusively. Development, all in ore, consists of “a” 
main bal t-conveyor” drift: extending fran the shaft pockot to the limit of: 
the ore: body, fedoder balt- conveyor. crasscuts driven at 350-foot intérvals ~ a 
at right angles to the main belt-canveyor drift, ‘and mining sheker-conyoyor x 
drifts driven: at: 110-foet intervals at. slais a a sa a! mevder beltoon= 7 
veyor ee neeuree 

Mining is started at the ‘far ona “or” ‘ana at eee aneies $6 the acing 
shaker-canveyor drifts by. driving two 10~foot-wide slicos “airectly opposite 
each other. / The broken oro is scraped fran the faces of:tho slices toa — 
hopper. in: the mining-shakoy-¢onveyor drift with a 60-inch. Texrtyve scraper, 
pulled. by. a a re ‘double-drum, electric hoist. = 


a ; PY 


ouee 


Shaker: conveyors powered by $0-hors op ower, “p20. welt : peer curivont ” 
motors convey the ore fran tho. hopper at tho interdaction'of the mining”. | 
drift and the slices: to a feeder. bel t-conveyor. oreuscut.--- Several 10-foot* ne 
pan sections are connected’ to fom ‘a. . Shaker-conveyor unit;- and tho maximuti * ae 
length of one unit is usually restricted to 300. feet, bit: it’ cin be as long,’ oo 
as 350 foet. -The' unit opsrates at about 80 .strokea..per ‘minute; and thé |” ee 
length of strokd can be adjusted ito wary. from 5 to-10 inches. - The maxinium - 
capacity of a-unit is about 120° bonis ‘per hour. 

a ee 

Thirty-inch-wide belt genveyors "powered by 30- or 40-horsepower, 220- 
volt, alternating-current, motorg gonvey the ore fran the’ shiker’ conveyors - iat 
through the feodér bélt- conveyor crosscats and the main telt-canveyor arifte. 
to the shaft station pocket. in. the lopg' drifts and -¢rosséuts;’ two 600-"" 
foot belt-cenyeyor’ units are. installed in tandem. fhe belts are cut and 
spliced to fotin any léngth dosired up to 600 feet. ‘The bolt-conveyor units 
travel 350 to 400 fect por minute and. handlo: the ore of four to six shakor- 
conveyor units. 


eae aes "¥ Gadin Care ene Gmtes 
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In many mines: thy haulage crows (motormen and jcekoues) f111 the: cars 
when they aro’ ioaded fron. chutes ; in sane mines chute traommere: or loaders 
sted at the ore’ chutes and load cars for, the, motormen. Generally, two types . 

of chute..gates' bré used - the ovorcut arc gote anda: combination. of board : 
stoppers:: Platforms for the. loaders..to stand on while loading cars’ arc in- 
stallodat test: thiites. ‘At Gne mine, hinged loading -platforns constructed. 
of metal strips“were installed at chutes on. curvoss: ‘the. Platforn could be. 
raised out -of-the way when not in use. ° | 


Table 7 shows that 53 lost-time injuries, or 25 percent of the lost-tine 
injuries from “hoisting, haulage, and loading ore ond —— " occurs while. at. 
loading tran cars at chutes waa: 194 and. saa Pe ee a ee Ge ae 
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Although the method of loading saris ‘Prew chutes is still being: used _ 
widely, in several mines the iron-ere: from’ sublevel mining operations is ~~ 
loaded directly into cars by scraping fram Loading drifts. The scraper.” - 
loading drifts are driven at right-anglés “tecthe. haulage crosscuts, the” ~ ° 
floor of the loading drift being 5 to 10’féet highér than the floor of ‘the 
haulage crosscut. The interval between loading drifts’is often such that 
two cars in one train can be.loaded, simultencously. 


Users of scraper loading *érirteo/ Sf ‘lain the’ following advantage over 
the chute method of loading cars: ;;(1) Qne-loading “drift may replace as many 
as ten loading chutes; (2) barring chunks} which. ctused:many accidents, is - 
greatly reduced, and accidental contacts “of:bars. with'the:trolleyZine are 
prevented; (3) rushes of ore and, water from water backing up in a chute are 
averted in wet ore bodies; (4) ‘owe falling’anto, chutes packs, whick requires 
a great deal of barring and blesting; (5) deeding drifts obviate expenbive 
grizzlics and chutes on the trémming Tévelj..(6) Lavoe. costs when using the 
scraper loading drifts are abovt,15 perdent.Jess thin when using chutes; 

(7) there is less trouble whenthanglifiz“Yarge churks of ore than with 

chutes; (8) loading drifts provide greatér extraction of floor pillars; and 

(9) ‘reduce the moisture content-.ef the “dre.by,_ better drainage in wet Stopes. 
se a GEE ns Ch Bi Saks 
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“3 evare ess s 
Hond tramming and animal haulage ame» obsoLété..in the Lake Superior 
district iron-ore mines, and mechariicad ‘haulage is used entiroly to trans- 
port the broken ore fram the working“places,té the shaft stations. In one 
mine, belt-conveyors are used :in) Place“ of;track*haulage. (See table 2.) 
Basse | et Petes FR aE et 


Undé¥ground. Card “Sosy 
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The trend in the use of mine cars has been toward large-capacity, steel- 
constructed cars; wooden cars with-iromaupports are obsolete. Several 
types and sizes of cars ore being used, G&-fellows (in order of the number 
of cars being used): (1) Rocker-dump, sound bottom, 40- to 70-cubic foot, 
and 2- to 4-ton capacity; (2) sidé-dump. Granby type, 75-. to 100-cubic foot, 
and 4~1/2- to 6-1/2-ton capacity; (3)::gable, bottam,:.47- to 74-cubic foot, 
and 3- to 4-ton capacity; (4) soliébox.:typo;-60+cubic foot, and 35-1/2-ton 
capacity; and (5) drop-side-dump box. type, oy ene foot {and 4-ton capac- 
ity. The capacity of the cars rongts: from 2 tons for a 40-cubic foot car to 
6-1/2 tons for a 100-cubic foot car,/the average being‘about 17 cubic feet 
per ton of broken iron oro. i ae Neil . 


a 


eee 
Fritz, D. E., The Elimination of ‘Chutes for Tram-Car Loading at the Mon- 
treal Mine, Lake Supcorior Mining Section: National Safety Council, 
June 1942, pp. 32 to 4h. 


9/ Mahon, R. C., Discussion of paper cited in footnote 8, pp. 4+ to 47. 
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The wheel base of the cars rangos from 30 to 48 inches, height above 
rail 45 to 58 inches, inside width 46 to 60 inches, ond tho’ inside length 
72 to 104 inches. The size of car wheels ranges from 14 to 16 inches in 
diameter. All cars were oquipped with roller bearings except at one mine, 
where the cars had plain bearings. — 


Automatic car couplings were used in 15 of the 19 mines under discus- 
sion, link-and-pin couplings were used in 3 mines, and a special male- 
ond-fomale bar coupling with pins was used at 1 mine, Safety chains de- 
tween adjacont cars in addition to the automatic couplings are used et 3 
of the mines. 


Trains 


The number of cars in a train varios fran 4 to 15, depending @™ various 
haulage factors, such as grade of track, condition of track, size of car, 
condition of rolling stock, size of locamotive, and tailroam at loading 
places end at shaft stations. In all but two of the mines visited, tho 
train of loaded cars was pulled to the shaft by the locomotive. In one of 
the mines where the loaded train was pushed, a rotary dump was used at the 
shaft station; this nocessitated pushing the cars, as the locomotive could 
not pass through the rotary dump; in the other mine where the loaded train 
was pushed to the shaft, tho safcr mothod of pulling the loaded train could 
have boen uscd, Where the brakeman goes to the chaft with the loaded train, 
the general practice is to have him ride on the locomotive. At a few of the 
mines the brakaman rides on the last car when going to the shaft and a@m tne 
locomotive when pushing the empty cars into tho mine; at one of the mines a 
platform wos installed on the rear of the last car for the brakeman to ride 
ON. 


-In all but two of the mines some sort of warning device, such as a cow- 
bell suspended on a spring, or a red tail light, or both, was attached to 
the last car of a pulled trip or the first car of e pushed trip to wer men 
working or wolking in the haulageway of an approaching train (see figs. 3 
ond 4.) In many of the installations the power for the warning light is fur- 
nished by an electric cap-lamp storage battery; at one mine an electric-light 
wire runs fran the trolley locamotive, through the "V" on the gable~botta 
cars, to the tail light on the last car of the train. 


Locanotives 


Trolley locomotives operating. on 250- or 275-volt direct current and 4 
to 10 tons in size are used formain-line haulage; however, only one 10-tm 
locomotive was being uscd. One mine. used 6-ton storage-battery locanotives 
for gathoring purposes ond 8~ton trolley locamotives for main-line haulage. 
The maxinum distances houled with the locomotives were 1,000 to 5,000 feet, 
with on avorege maximum distance of 2,770 feet for all mines . 


In 2 of the 19 mines, dianond-sheped trolley pales are used on the loco- 
motives instead of the conventional trolley pole. With the diemond-shaped 
trolloy pole, the locomotive can travel in either direction without reversing | 
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Figure 4. - Four-ton, rocker, dump-type car with storage-battery tail light 
on rear. 


throw. 


Figure 7. - Switch-stand signal lights operated from bridle bar. 
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the trolley pole, and in low and narrow drifts the hazards of batiecooling - 
usually encountered with the conventional trolley pole are eliminated. 
Eightecn’ of tho-19 mines had lights and bell, or lights ond siren, or lights, 
belL, and.siren on the locomotives for warning men working or walking on the 
haulageways. -In one zone the Locomotives were equipped with bells but not... 
with lights. - 7 


.-Although sand is used to obtain better traction between the rails and 
the wheels on a fow locomotives, most locomotives do not use any traction 
nateoricl.: In.throe mines, water was used to inercase. “traction; and water 
tanks wore instclicd on the locanotives in ono mince. It was. stated that 
fine: iron ore when ground undor the wheols of a locanotive formed a slippery 
coating that reduced the friction between rails and wheels; water washed the 
slippery’ .coating:of iron. ore. off the rails ond left than clean, ; this gave 
better traction and a better conductor for the eloctric current. 


. Tho trond is toward tho uso of 60-pound rails laid to | a 30-inch gage. in 
mony. of. the now main-lino hauloge tracks, Sixty-pound rails are used in. 
nine: mines, 45-pound rails in two mines, 40-pound rails in sovon riines, and. 
30-pound rails in one mine. Thirteen mines ore equipped with 2h-inch gage | 
track, five with 30-inch gage, and ono with 36-inch gage. Tho radius of — 
curves ranges fron 30. to.100 feet; most tracks having a 50- to 75-foot 
rodius curve. .Generally, track grades are kept at 0,50 to 0.75 percent, 
usually. in fovor of the Loads pnOwey oe > & J-percent grade Was necessary at 
one mine. , - 

Angle splice bars are used at rail joints, olthough in a few of the 
mines tho rail joints have boen welded to form a jointless track. The joint- 
less track increcses the life of the rails, reducos maintenance to rolling 
stock and track, and nokes a better electrical conductor for the return of 
the : direct-current cireult than the. conventional Jointed track. 


ae ~ Whoro the: rad joints are not wolded,. the genoral ‘practice is to bond = 
the joints and cross-bond tho rails at 200-foot intervols; however, the 
cross-bond interval is. indefinite at sane of the, nines, ’ ond at a few nines 
the. rod), ee are Beene ‘bonded nor weideds: 


Thirteen Of. tho nines are ‘Sautpped with split-switch points, three mines 
with stub-switch points, and three nincs have both split- and stub-switch 
points. Generally, cast nanganose-stcel frogs aro used; a few nines have 
frogs nado in the nine shops by bolting, riveting » Or welding pieces of rail 
onto .a plate. Gcnorally, frogs, guardrails, ond lead rails are blocked 
with wooden toe guards to prevent porsons fron catching their feet in then; 
however, this once ene Batety feature 1 was being neglected in a tow, nines, | 


‘Float right-cngle, “upright atand ; aa flat parallel Switch throws are 
used. Four mines wore cquipped with spring switches on the main-line haulage 
track, ond air-oporated spring switchos were used m tho main-lino haulage 
track at onc minc. At anothor mino, a steel flush plate (fig. 5) wos in- 
stalled over noin-line haulagc-track switch throws to elininate the tripping 
hazard. 
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Generally, untreated wooden ties 4 to 6 inches thick and geaces at 18- 
to 2h-inch intervals are used on haulage tracks. Ties dipped in creosote 
are used at one mine. At same mines three to four steel spacer bars are 
used for each length of rail in addiitim to the wooden ties. 


Electric-Light sine systems installed overhead or on switch stands 
are generally used where more than one haulage crew is operating on ane > 
level. These.signal systema are operated in any of the following ways: (Q) 
By hend-controlled switches: (fig. 6), (2) by trolley-contact. switches, (3) 
by contact made by track switches, and (4) on a light stand operated by a 
bridle bar (fig. 7). At many mities, two electric-light bulbs of the same 
color are used in signal systems,-so that one bulb of oes olor will etait 
be available if a bulb is broken or burns out. : kgs. | 


_ SHAFT STATT ons AND HOISTING Suaprs 


Th larger mines have relatively claboraté shaft stations, which are 
necessary to handle men, timber, supplies, rock, and a large torinage of ore 
with a minimm of delay. Usually,' -double-track ‘haulage is installed at the 
shaft station, and the track runs parallel to the shaft to enable side-dump- 
ing of ore cars into the storages pockets. Generally, @ yun-around.drift or 
crosscut is used for loading and unloading men and supplies from the side 
of the shaft opposite the storage pockets so as not to interfere with dump= 
ing of cars; Where large tonnages of ore are anticipated from one level, ~ | 
double-track haulago crosscuts are ariven in ‘rock fron the shaft to the ore 
body. (Seo: table 3s ) 


DURP anB Cars 


Several methods of sumeptae ore cars at the shaft station are seals! 
Rocker-dump cars are dumped (1) by: hend, (2): by placing | one end of a. steel 
bar or pipe against the floor and the other end egainst : the: side of the: slowly 
moving car, or (3) bya compressed-air-cylindér ‘jack when the car is stopped. 
The Granby-type car is dumped (1) by compressed-air-cylinder jack when the 
car is stopped or (2) by running a-roller on ‘the side of the car over a ~ 
camel-backed portable ramp. All gab1 e+bottoni cars are dumped by hand. - The 
solid box-type cars aro dumped, in. a: two-car ‘rotary dump (fig. .8), and the 
drop-side-dump box-type cars are cumpod:: by “a aes cca tiae Be ears Jack 
when the cars are ovenyen. 


rey 
. pee 4 . had 
or . oe _ 


ou 


Users of the ‘rotary ae ae are the savings ‘in. esce and sada cuiaies 
of the more simply constructed: sotid-hox-type” car, -as compared with the cost — 
ond maintenance of the more complicated: side-dump Cars y. helps to pay for’ tho 


rotary-duimp wit in & few years, Tho rotary-dump mits can be mes Se: 
level to level and used ane the a of a _ Large. mine, a 


Google 


Figure 8. - Twin two-car rotary dumps. 
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TABLE 3. - Stations and Shafte - 


by 
lo ft. 2 in. 
11 by 14 ft. 


6 by 16 ft. 


6 by 18 ft. 


10 ft. by 
14 ft. 10 in. 


1l ft. 6 in. 
by 
18 ft. 6 in. 


10 ft. by 
23 ft. 6 in. 


lo ft. by 
18 ft. 


6 by 10 ft. 
at collar, 
6 by 20 ft. 
at bottom. 


1o ft. 6 in. 
by 
1k ft. 10 in. 


9 by 13 ft. 


a2 2%. by.) 
5720.6 ins 


ln ft. by 
16 ft. 1 in. 


lo ft. by ' 
14 ft. 10 in. 


17 ft. in di- 
ameter first 
1000 ft. then 


‘12 by 1k ft. 


12 by 20 ft. 


10 ft. by 
16 rt. 8 in. 


10 ft. by 


18 ft. § in. 


6 ft. by 
i £4. 6 Sa. 


~~. © 


ESS £S §E SSBF Bsus FB 
: 


- yNrwnr Nn rr 


- 


~ 
- 


2, No 
2, Yes 
3, Yes 
1,764 No 
1,919 Yes 
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Storage Pockets 


A few of the mines do not have ore-Storage pockets but dump directly 
into the skips through a slide or dump into a small pocket that holds one 
skipload of ore. This method requires the haulage crew to stay at the 
shaft station while a trainload of ore is dumped and hoisted. 


Most of the mines are equipped with storage pockets at the shaft sta- 
tion, which hold 25 to 550 tons of iron ore. The pockets usually are 
divided into three compartments, so that three grades of ore can be dumped 
at one time. In most mines, a measuring pocket holding one skipload of 
ore directly below the storage pockets helps to speed hoisting ang prevents 
spillage into the shaft from overloaded skips. 


Gates or doors used at the bottcm of the storage pockets are (1) steel 
arc-shaped gates operated either by hand or by campressed-air cylinders, 
(2) steel overcut-plate gates oporated by compressed-air cylinders, or (3) 
vertical finger gates (fingors made of 2- by 2-inch steel bars or steel 
rails) operated by compresscod-air cylinders. Measuring pocket gates may or 
may not be the same as the gato on the storage pocket, but one of the types 
described above is ordinarily used. At some Of the mines, a hinged-plate 
gate, operated either by hand or by a compressed-air-cylinder jack through 
a toggle connection, is uscd on the measuring pockets. 


Auxiliary Storage Trenches 


During the last decade, trenches at underground shaft stations (fig. 9) 
have been used at severel mines for auxiliary storage space where the sta- 
tion pockets could not handle the several grades of ore and waste, or where 
the ore was so wet or sticky that it caused considerable trouble and delay 
in transferring the ore from the storago pockets to the skips. In one mine 
where the rock at the shaft station was so badly fractured that it was not 
considered safe to excavate for a large storage pocket, a storage trench of 
135 tons capacity was excavated aiong the track at the shaft station. 


Either one or two trenches are installed at a shaft station. Whore 
two trenches are used, the trenchcs ere on the some side of the track and 
have a common opening on one end directly over the measuring pockot. 
Trenches range in size fram 90- to 700-ton capacity, 3 to 17 feet deep, 
4-1/2 to 9 fect wide, and 50 to 100 fect long. Several of the trenches have 
the floor and sides lined with conercte with rails imbcdded in the concrete. 


The wot or sticky ore is dumped directly into the trenches from the 
underground cars. The ore is scraped fram the trenches into a measuring 
pocket that holds one skipload of ore, or the ore can be scraped directly 
into the skip through the open measuring pocket if desired. Scrapers 48 to 60 
inches wide, pulled by 25- to 40-horsecpower electrically operated scraper 
hoists, arc used to move the ore from the trenches to tne skips. 
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Figure 9. - Ore-storage trench at shaft station. 
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Soe At ane mine, 7 a eublevel storage drift 130 feot long was driven 32 feet 
below the haulage level at the. shaft cetatio in place of a storage pocket. 
The. ore is dumped fran the mine cars on the haulage level to the sublevel . 
arift through three open raises spaced at 30- to 35-foot counters. - The ore 
is scraped fran the sublovol drift to a fyo-Compar uaa meseuring ee : 
cach compartment holding one skipload of ore. | 


.. ° Mine officials who hevo used the trench eaiten of storing ore at shaft 
stations state that the trenches are valuable os auxiliary storays,.but 
thoy should not entirely repleco the storage pockots. When tronches are 
used as main storage or the mly storago at shaft stations, sorious delays 
in ore hoisting aro often qcomtered owing to breakdowns of the scraper 
sera eee or pulling cables. 


. S 


“ Hofsting Shofts - 


eo of the ag re undor discussion, 17 use vertical Hoisting shafta” and 
2 uso inclincd hoisting shofts. The cross-sectional dimensions (inside of 
timber) of tho hoisting shafts range from 6 by 10 foot for a: two-compart-. 
ment shaft. to le by 20 fect for a fivce-campartment shaft. Most of the 

“<ighafts have four. canmpartments - one cago canpartment, two skip canpartments, 

‘and one ladder and miscelloencous compartment. Five of the shafts: have fivo 
compartments; two of. these have two cago compartments » two skip compart- - 

ments, and one laddor ond miscellaneous compartment; the othcr three five- 

* compartment Shofts havo.one cege canpertment, two skip compartments, one 

» ladder ‘canpartaont P ond. ; ONG counterweight or niscolloncous - conrenteents 


: one four-compartment, sheft is 17 foot in ‘diohoter for the first l, 000 
feet and 12 by 14 fcot in cross ‘section for the renaining.370 foet;. tho , 
circular part of the shaft is tinborod with stecl cnd conerste. Most of 
the shefts have steol tinbor ond wooden lath, sone have wooden timber sais 
wooden lath, end sane havo concrete loth. 


Ore is hoisted from ono Love at clght mines, from two levels at nine 
' mines, end from three lovels at two nines. Ore is hoisted from depths over 
3,000 feet at three minos, fron depths between 2,000 and-3,000 feet at four 
“mines, fron depths between 1 ,000 and 2,000 feet at seven nines’, and -fron. 
. dcptha less than 1,000 feot at five nines. Tho bottan of: the deepost: noeats 
<5 shaft is * 31586 feot — balow ‘tho shoft sollar. Sup 


a 


SKIPS, CAGES, AND HOISTS * 


Skips - 


tant Ome Js hoisted in balence at all of the nines wider aiacusaien. ‘Selr- 

aunping eluninunrellay ~ or stecl skips are used; 16 of tho nines have steel 

skips ond 3 of then have alwuinun-dlloy skips. Skips range in size fro 

5S-eubic-foot, | 3-1 /4-tan. capacity . to 210-cubic-foot, 12-ton capacity. When 

hoisting with stcel skips, ;the average’ ore load” is ‘about 64. ‘percent and the 

dead load about “36 percent oF the. total ‘Load ‘of ‘okip: ond ore} 3 ners ’ when 
" : m 
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hoisting with eliminum-elloy skips, the average ore ‘load is about 75 percent 
and the average dead idoad is about 25 percent of the total load of skip and 
ore. For a skip of a given volume, the ore load can be inereased about 16 
percent when using an aluminum-alloy skip as compared to a steel skip with 
the same total load of skip and ore; however, when hoisting with two skips. 
in balance, the maximum unbalanced load is equal to the weight of ore plus 
the weight of the unbalanced rope. (See table h, do 


Generally, wooden. skip guides are used, but standard e0-pound rail skip 
guides are used at one mine, ~ 


Cages 


Ore is not hoisted in cars on cages at any of the mines. Double-deck 
end single-deck cages made of -steel or aluminum alloy are used to trans- 
port supplies and men. ,Steel cages are used at 15 of the 19 mines, and 
eluminum-alloy cages are used at 4, At 2 of the mines ‘the skips are sus- 
pended below the cages. - Generally, the cages are’ lerge enough to bare tea 
a truckload of. S-foot timber loaded horizontally. * cs Sa Ans 


acon: , or Segoe with suspended skips, are hoisted 14 balance. a 4 
of the mines; at .the. other mines, the cages are: balanced with counterweights 
rumiing on wooden guides » rails, or in pipes. The number of men:loaded q@m a 
cago warts from 12 on a single-deck cage to 19 °¢ ‘on’ @ double-deck cago. | 


Generally, oie cage ‘guides, one for’ dach’ stite of the: cage,. are vapid. 
However, at one minc, two 6- by 10-inch wooden guides are used for each side 
of the cage; the man cago in: this. mine is equipped with cight..steel-spiked 
cam safety catches instead of tho four catches genorally ‘used on cages of 
the other-minos... Monthly drop tests of thie safety catches-, dropping the. 
cage from a standing position, are made at al mines eu al mmey MnOrY a 
weekly drop test is meres een fi a 


_ Hoists ~ | 

Eloctric. hoists are “used at 18 of tho i9-n ‘mines “under. ‘aiacuseion ; end 
steam hoists are used: at-1 mine. ‘The electric hoists ‘range ‘from'150 to 
3,000 horsepower and are operated on Lhon* to 2 ,300-volt alternating current 
or on 200- to 600-volt direct current. Orie of the latcst. hoist inatallations, 
using the Ward Leonard amplidyne exciter system of hoist control, has one 
1,500-horscpower, 600-volt, direct-current motor on the cage hoist and two 

1,500-horsepower ; 600-volt, direct-current motors on the skip hoist. Iden- 
tical motors are uscd on the cage and skip hoists, so that fewer repair 
pene need to: be kept on RENO : 


~ 
ww 


. CyLindvical-typo_ drums ranging in’ Bize fron 5-£00t- aienates and — 
foot Bere me a aa Gianater, and A7-1/2-foot Tape: are used. : 


ae ae ’ gne  post-type gravity ‘brake ‘with either oa Or: faeean 
release is usod on oach drum. An additional hond-déperated brako for emer- 
gency use has been installed on several hoists. 
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TABLE 4. - Hoisting 
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All hoists are equipped with Lilly overspeed and overwind cmtrol de- 
vices. Same mines have an additional limit control contact installed in 
the headframe, so that if the skip or cage is pulled too high an electrical 
contact is made in the engine house, which applies the brake and shuts off 
the power. Most hoisting installations have an additional warning device 
called the slack-rope warming, which will notify the hoisting engineer when 
the skip or cage is stuck and slack rope is being released from the drum. 
The slack rope will touch a contact located between the head frame and the 
hoist house and electrically covey a signal to the hoisting engineer by 
means Of a light, hom, or bell. Automatic safety control equipment must 
be properly installed, inspected, adjusted, and maintained in order to be 
of any value; hoisting accidents have occurred where these precautions have 
not been followed. 


Round, steel-stranded hoisting ropes 1 to 1-7/8 inches in diameter are 
used. Rope speeds when hoisting and lowering men are generally less than 
rope speeds when hoisting ore. Hoisting speeds for handling men range from 
400 feet per minute at shallow mines to 1,600 fect per minute at deep mines, 
whereas hoisting speeds for handling ore range from 400 feet per minute at 
shellow mines to 1,850 feot per minute at deep mines. At one mine, it is 
expected that ore will be hoisted at a speed of 2, 400 feet per minute when 
full production is reached. 


HEAD FRAMES AND STOCK PILE HAULAGE 
Hoad Frames 


Head frames are constructed of stecl and range in height fram 95 to 
197 feet above the shaft collar. The height from the shaft collar to the 
center line of the sheave wheels ranges from 8&5 to 179 feet. Ore pockets 
(fig. 10) in the head frame, from which railroad cars are loaded during 
the shipping season, range in capacity from 50 to 1,000 tons. (See table 5.) 


Generally, overcut arc-type gatos ere used at the head frame loading 
pockets; however, overcut stecl-plate gates, rail-finger gates, steel clan- 
Shell-type gates, and horizontal stecl-plate gates on rollers are used. 
Most of the overcut arc-typo gates are opcrated by hand, and a few are 
operated by compressed-air cylinders. The other types of gates are can- 
pressed-air-cylinder operated. 


At 10 mines, the brakes on railroad cars are operated by hand when 
spotting the cars under the loading pockets end when moving the cars to 
and from the pockets. At 9 mines, the brakes are operated by using com- 
pressed air. Generally, camployees handling railroad cars use safety belts 
when the brakes are operated by hand and do not use safety belts when tho 
brakes are operated by compressed air; in a few instances in each case this 
general rule is not followad. 
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Figure Il. - Ten-ton remote-control-operated larry car. 
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TABLE 5. - Head frame and stockpile haulage ~ 
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“Stock-Pile Haulage 


Because the rigorous climato of the Lake Superior @istrict prevents 
lake shipping of iron ore in winter, the underground iron ore mined then is 
stock-piled on the surface near the hoisting shaft and loaded into railroad 
cars by power shovels during the shipping season. 


Several mines are oquipped with pormanent, stcel, monoleg stocking 
trestles (fig. 10), but temporary wooden-bent stocking trostles aro used 
at many mines. The iron ore is transported from the hoad frame to the 
stock piles in (1) side-dump gable-bottom cars, (2) one-side-dump cars, 

(3) end-dump cars, (4) ond-dump cars with a 180-degree swing, (5) threo-way- 
dump caro, (6) three-way-dump cars with ao 180-doegroe swing, and (7) Diesel- 
operated dump trucks. The stock-pile haulage cars, which range in capacity 
fran 3-1/2 to 19 tos, are operated by (1) dircct control, whcre the oper- 
ator rides on the car, (2) remote control, whore the operator stays at the 
head frame (fig. 11), (3) trolley locomotive, and (4) cdless rope. Two 

of tho cars have hydraulically operated dumps. 


At one mine ,20/ three 210-cubic-foot stock-pile cars running an 60- 
pound rails with 42-inch gage track are used. These eight-wheel, two-truck 
cars not only dump forward and to cach side, but also will dump at any 
englo in a 180-degree half circle. A man housed in a cab rides qm tho car, 
which is powered by four 15-horsopower dircct-current motors, one motor @m 
each set of two corner wheols. It is cquipped with oil-pressure dump cylin- 
ders and brakes and travels at a maximum specd of 20 miles per hour. The 
cars are nearly 20 foet long, end each weighs 29,000 pounds. 


ACCIDENT STATISTICS 


Table 6 shows the relative severity of injuries, by causes, for the 
underground iron-ore mines of the district for 1944 and 1945. The relative 
severity is given in days lost per injury, as the number of man-hours worked 
in each occupation or for cach cause was not available. 


Haulage that includes hoisting and loading rock and ore ranks seventh 
in relative soverity, with 158.5 days lost for each lost-time injury, this 
figure is below the average of 207.9 deys lost for cll causes. Injuries 
fran (1) electricity, (2) explosives, (3) inrushes of mad and water, (4) 
falls ond slides of rock and ore, (5) flying objects, ond (6) drilling 
equipment wore more severe then injurics from haulage. About 15 percent of 
the total number of injurios occurring during the 1944-45 period were fran 
haulage, hoisting, and loading rock and ore; exclusive of the injuries in 
the “not classified" heading, injuries from haulage ranked third in number. 


Table 7 shows the causes, number, and rolative severity of the 210 in- 
juries ar arc listed undcr “haulage, hoisting, and loading ore and rock" 
in table 6. ' | 


10/7 Allen, C. W., and Moore, L. C., Opening tho Mather Mine: Am. inst. 
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TABLE 6. - Relative severity of injuries, by causes, 1944-194 
a exclusive of oven-cut mines 


Number |Days lost. 


of per 
: Cause . _ |. Days lost|injuries} injury. 
Electricity COCKE OCOCHCETOHSOSEOEEEHESROOHSOEDS®S ' : 9 OOT O: 
Explosives SOCCHRH OO CE OC EDOOEOO HOE HEOE OLED ECS 1 751506 


Inrushes of mid and water cecoccccccccccccece 9 6 1,090.3 


Falls and slidea of rock and ore cecscsccccce 577 4+ 
FLYING ODJectB ccccccccccvcccesececscssccccce 182.7 
Drilling equipment ccccccscccccccccececccenece 166.0 
Haulage, hoisting, and loading ore end rock . 158.5 
Persons slipping, stumbling, and falling .... -156.5 
Machinery, moving. COCR OOC ECOL LOCO OEEEEEES OO DOE 138.3 
Falling MATELLAL crcccccscesccesccvecesesecce . L270... 
Handling MACCYIAL ceodecccaccccsccccccacceses = 47 .2:- 
Hand tools ecoccvccccvcccccecscvcccssccsecsess 46.0.' 
Not Classified covecccccccvcenccccccencccsese ° 
All CAUSES covccccccvovesosvcocereserece 207.3 


TABLE 7. - Causes, number, and relative severity of injuries from haulage, 
hoisting, and loading ore and rock, 1944-1945 


Number | Total |Days lost| Order of 


of days per relative 

Cause of injury uries| lost njury | severity 
Loading tram cars at chutes cccccscecccs 53 2,099 39-0 15 
Dumping trem cars at shaft stations ... 18 509 28.3 18 
Coupling tram cars and locamotives eee. 15 971 64.7 ) 
Handling scraper ropes and bLOCKS .eecece 15 436 3325 17 

Caught between haulage trains and 

ODSEYUCTLIONS accvccecccccccvcccsocecs 12 elk 17.8 20 
Handling BCYGPCrS ececcessceseseesssece 10 668 66.8 8 
Working on grizzlies Sooeceovcveseosnaces 10 178 17.8 19 


Riding on Locomotive cccecveccvccccvecce 9 

Running ore to scraper Grifts cececcucee 8 
Operating stock pile haulage egccccccces 7 

Scraper hoist sprags loosened cecccecee T 

Working at sheft pockets and skip pits, 7 

Getting on and off moving trains .ceee- T 

Struck by haulage train cescecccecscecs 6 #6 398 1,066.3 2 
Putting tram cars On track ececcccccceces 6 hh6 
Handling mechanical loaders ceccccceces 6 

Falling fran stock pile trestles ....e.- h 
Handling railroad COrs escescccccccceccs 7 

Hand loading OLE cecccvcceccsevovccccccce 3 
Hoisting (skips and cages ) Ccecaescccece 2 


Miscellaneous cccccccccsccccccveccacces 169 56. 11 


*Includes one fatal injury. 
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Four fatal injuries occurred during 1944 and 1945, as follows; (1) A 
miner was struck by a run of ore from a stope mill while working in a 
slushing drift, (2) a track cleaner wes run over by a pushed haulege train 
while he was cleaning track, (3) motorman fell to the ground fram the 
trestle with locamotive and stock-pile car after having a collision with 
‘another locomotive, and (4) a man was throw fram a moving cage. 


Loading trem cars at chutes was responsible for 53 of the 210 lost- 
time injuries, with 2,099 days lost; dumping tram cars at shaft stations 
wag responsible for 18 lost-time injuries, with 509 days lost; coupling 
tram cars and locomotives caused 15 lost-time injuries, with 971 days lost; 
handling scraper ropes and blocks caused 13 lost-time injuries, with 436 
days lost; and gotting caught between haulage trains and obstructions 
caused 12 lost-time injurics, with 214 days lost. These five major causes 
of injurios were responsible for 111, or 52 percent, of the 210 lost-time 
injuries, but they only accounted for 4,229, or 13 percent, of the 43,287 
days Lost. 
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